Abstract-Multi-parametric Quantitative structure activity relationship (QSAR) study has been developed for 110 training compounds and 50 test compounds structurally similar to 5-N-ACETYL-BETA-D-NEURAMINIC ACID as inhibitors for Clostridium tetani. Stepwise (multi-parametric) Linear Regression QSAR models for biological activity of half maximal inhibitory concentration (IC50) and log P for octanol/water (Log P) were created with 16 different descriptors. The predictive capability of the QSAR models were evaluated by r2 , q2 LMO(TestSet) , q2LOO(TestSet) , q2BOOT(TestSet). The comparison of various external validation reveals identical q2 LMO(TestSet) , q2 LOO(TestSet) and q2 BOOT(TestSet) for IC50 (0.98), and Log P(0.7) which demonstrates the high robustness and real predictive power of IC50 and Log P model. LMO-Leave many out, LOO-Leave one out, BOOT-bootstrapping
Introduction
Quantitative structure-activity relationship (QSAR) describes how a known biological activity can differ as a function of molecular descriptors derived from the chemical structure of a set of molecules. Many physiological activities of a molecule can be associated with their composition and structure. Molecular descriptors, which are numerical depictions of the molecular structures, are used for performing QSAR analysis.
5-N-ACETYL-BETA-D-NEURAMINIC ACID represents the most important class of biologically-active compounds as inhibitors of Clostridium tetani [1] [2] . The half maximal inhibitory concentration (IC50) is the concentration of an inhibitor that is necessary for 50-percent inhibition of an enzyme in vitro. Octanol-water partition coefficient logP is used in QSAR [3] [4] [5] [6] [7] [8] studies and rational drug design as a measure of molecular hydrophobicity. Hydrophobicity affects drug absorption, bioavailability, hydrophobic drug-receptor interactions, metabolism of molecules, as well as their toxicity. LogP [9] has become also a key parameter in studies of the environmental fate of chemicals. Through the review of literature, it was found that a number of QSAR [10] [11] [12] [13] [14] [15] [16] studies were developed. In the present study, QSAR studies have been carried out for 5-N-ACETYL-BETA-D-NEURAMINIC ACID and its structurally similar compounds with (>95%).
We have developed the following QSAR [18] [19] models for 5-N-ACETYL-BETA-D-NEURAMINIC ACID and its structurally similar compounds with (>95%) using stepwise (multivariate) linear regression method by the Poly analyst [21] software: IC50, Log P.
Methods 2.1 Data Set
Training set of 110 compounds and test set of 50 compounds related to 5-N-ACETYL-BETA-D-NEURAMINIC ACID " Fig. (1) " which is available in Clostridium tetani were collected from pubchem [20] . Table I shows the different regression summary of IC50 and Log P model Training Set.
Molecular Descriptors
Theoretical molecular descriptors are calculated using QikProp [17] program (Schrodinger, 2008a [19] of all their regression coefficients. If a term has the value of F-ratio less than a specified threshold, this term is removed from the model. Thus, the process of adding new terms stops either when all attributes are included in the model or when no new term can be added without violating the F-ratio criterion. The above process permits PolyAnalyst to find all influential attributes, but at the same time, it includes in the model only those attributes which do not correlate significantly with each other. When two powerful correlating attributes are tried in the same model, they both would have low values of F-ratio, and the second attribute is removed. Randomized testing is used in PolyAnalyst. While PolyAnalyst searches for the best regression model fitting the explored dataset, it solves the same problem also for several randomized datasets. Randomized datasets are prepared from the original dataset using the random permutation of the target attribute values for various records. Thus, all the values of independent and target variables remain the same, but the relation between independent and dependent attributes is broken. Only if the accuracy obtained for the real data is much higher than any randomized data then the created regression model can be considered as reliable and significant. Otherwise, the system concludes that it does not have enough data to create a reliable model. The degree of certainty is that the discovered model is not merely a result of a random statistic fluctuation in the data expressed by Significance. Randomized testing was done by the poly analyst software which is not visibile to the user. For example, in IC50 model, the influential attributes are MW, HAS, DHB and Log P. The best equation is produced by the system based on correlation coefficient, square of correlation coefficient r2. The square of correlation coefficient r2 values are given in brackets as follows: for IC50 (0.8545), Log P (0.797). The present calculated r2 values are closer to 1.0, which is a clear evidence for the best fit regression. In addition to that, PolyAnalyst performs careful significance testing on the result, comparing its significance with other models generated. q2 is calculated using the following formula. yi is the actual experimental activity, Where, the average actual experimental activity and the predicted activity of compound re computed by the predicted model. The robustness and internal predictivity of the models were evaluated by both leave-one-out cross validation (q2LOO(TestSet)) and leave-many-out cross validation (q2LMO(TestSet)). The in-house computer programs are created in Java programming to do the following cross validation techniques: Leave-some-out, Leave-one-out and Bootstrapping. In Leave-many-out, the data set was split into the sequence of six set of compounds (45, 40, 35, 30, 25, 20) and the cross validation was performed. The average of q2LMO was calculated as follows: IC50(0.981896), Log P(0.734322). Leave-one-out cross validation is as follows:
Leave Compound i 3.
Calculate q2i 4. i=i+1 5.
Repeat step 2 to 5 till i<=50 6.
Find the average of q2i=1..n q2 LMO(TestSet) for IC50 and Log P Model are 0.981896 and 0.734322 respectively. Bootstrap cross validation is computed as follows:
1.
Generate n random number Ri within the range of 1 to 50 where i=1..n 2. i=1 3.
Remove Ri Compounds 4.
Calculate q2i 5. i=i+1 6.
Repeat step 3 to 5 till i<=n 7.
Find the average of q2i=1..n The average of q2BOOT was calculated as follows: IC50(0.98402102), Log P(0.78033). Table IV describes the observed and predicted value of IC50 and Log P models. The studied data set comprises a total of 110 training compounds and 50 test compounds structurally highly similar ( >95% similarity) to that of 5-N-ACETYL-BETA-D-NEURAMINIC ACID as inhibitors for Clostridium tetani neurotoxins. The objective of this study is to propose a stepwise multivariate linear QSAR models for IC50 prediction applicable to the 5-N-ACETYL-BETA-D-NEURAMINIC ACID structurally similar compounds. Several QSAR equations for training set of 110 compounds were obtained using different F-ratio value. From those equations, the best QSAR equation is generated with a selected F-ratio cut off value greater than 17, which resulted in four descriptors for IC50 model and five descriptor for Log P model. The IC50 provides good statistical measures such as correlation coefficient, standard deviation and standard error as 0.8545, 0.2932 and 0.3815 respectively ( Table I) . The External test set data allows the verification of the proposed models by statistical validation like q2 LMO(TestSet) , q2 LOO(TestSet) and q2 BOOT(TestSet). The statistical external validation was performed by checking the models with 50 compounds, which did not participate to the model development. The comparison of various external validation reveals the identical q2 LMO(TestSet) , q2 LOO(TestSet) and q2 BOOT(TestSet) values for IC50 (0.98), and Log P(0.7) which demonstrates the high robustness and real predictive power of IC50 and Log P model. Thus the following equations (1) and (2) has good performance in prediction of the test set compounds.
Results and Discussion
Individual model descriptions are documented below.
IC50 model
The proposed model is based on the four descriptors MW, HAS, DHB and Log P (1). The Graph of experimental verses the predicted values for the present IC50 model is displayed in "Fig. (2) ". The training compound in this study shows the range of Log P between -4.777 to -1.342 , However, the range of HAS is between 193.267 and 374.856 with high F-ratio (>187). The regression coefficient of MW, DHB and Log P are calculated to be positive as 0.0153477, 0.424796 and 1.32025 respectively. This shows the increase in the above properties supporting inhibitory activity of IC50. Hence, three out of four selected descriptors influence positively the predicted IC50 values. On the other hand, HAS(-0.0227897) is correlated negatively to the affinity. Table II depicts the regression coefficient, mean and F-ratio of various parameters which were involved in building the QSAR model of IC50. Table IV describes 
Log P model
The proposed model is based on the five descriptors (2) . The plot of experimental verses the predicted values for the present Log P model is shown in "Fig. (3) ". The training compound in this study shows the range of IC50 between -3.511 to -0.135 , However, HLSA range is flanked by 244.665 and 407.958 with high Fratio (>90). The regression coefficient of HAS and IC50 is calculated to be positive as 0.00709923 and 0.399870 respectively. This implies that the increase in the above properties will support in favor of inhibitory activity of Log P. Therefore, two out of five selected descriptors influence positively the predicted Log P values. HLSA(-0.00817571), IP(-0.162002) and AS(-0.473430) is associated negatively to the affinity. Table III shows the regression coefficient, mean and Fratio of various parameters which were involved in building the QSAR model of LogP. Table IV  describes 
Discussion
The proposed model IC50(1) and Log P(2), which are having positive values in the regression coefficient point out that the designated descriptors supplly positively to the value of IC50 (1) and Log P (2), In other words, negative values indicate that greater the value of the descriptors, lower the value of IC50 (1) and Log P (2). In IC50 Model, raising the MW, DHB and Log P, boosts the IC50 values. Amplifying HAS will dwindle the IC50 values. In IC50 model, the presence of molecular descriptors with positive coefficient in IC50 model is manifested in the compounds 2 and 3. The occurrence of molecular descriptor with negative coefficient at HAS increases, the IC50 of drug compounds decreases. The presence of molecular descriptors with negative coefficient at HAS increases, the IC50 of drug component decreases, This is evident in the compounds 2 and 3. In Log P model, the presence of molecular descriptors with positive at HAS and IC50 increases, and the Log P of drug component decreases. This is apparent in the compounds 32 and 33. Stepwise multivariate linear regression analysis provides constructive equation (1) that can be used to predict the IC50 of compounds based upon MW, HAS, DHB and Log P parameters. The Log P (2) delivers the useful equation that can be used to predict the Log P of compounds based upon HAS, HLSA, IC50, IP and HAS. The results of both the models indicate that a strong correlation exists between Log P and IC50 for drug compounds. This procedure allows us to carry out a precise and reasonably fast method for fortitude of Log P and IC50 of 5-N-ACETYL-BETA-D-NEURAMINIC ACID and its structurally similar compounds with (>95%) and also it predicts the IC50 and Log P values with sufficient accuracy.
Conclusion
In this study it was possible to obtain a stepwise multivariate linear regression QSAR model of IC50 and Log P for a set of one hundred and ten compounds which are 95% structurally similar to 5-N-ACETYL-BETA-D-NEURAMINIC ACID as inhibitors for Clostridium tetani neurotoxins.The LOO, LMO and BOOT cross validation techniques show that the model is significant, robust and has good predictability. IC50 model is determined by MW, DHB, Log P and HAS. The most important parameter by considering the regression coefficients of IC50 model are as follows: Log P, HAS. The Log P for octanol/water model is calculated by HAS, IC50, HLSA, IP and AS. The most important parameter by taking into account the regression coefficients of Log P model are as follows: IC50, HAS. IC50 and Log P models are showing minimum deviation between observed and predicted values and also having good internal and external predictive power. 
